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Abstract
Fungal infections in both their invasive and non-invasive forms can prove dif￿cult to diagnose. The often
characteristic appearances on imaging are of great assistance. CT is the primary imaging modality and is
probably more accurate than MRI in diagnostic speci￿city and determining the extent of bone erosion.
However this may require a modi￿ed scanning technique to adequately demonstrate the typical soft tissue
density variationsof fungi. MRI should be used to supplement CT when intra-cranialor intra-orbitalextension
is suspected.
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Introduction
Fungal infections of the nose and sinuses appear to be
increasingly common, though this may relate partly to a
lower threshold of clinical suspicion, the use of nasal
endoscopy and improved imaging. As it can be extremely
dif￿cult to con￿rm the presence of fungus, both histologi-
cally and by culture, the radiological features may be of
paramount importance in initiating a careful search for
fungal elements.
The classi￿cation of fungal rhinosinusitis (Table I) into
invasive and non-invasive relies primarily upon the
presence or absence of fungal hyphae within the mucosa,
and not to the presence of bone erosion, which can be
found in non-invasive forms.
Material and methods
From a cohort of 45 patients with fungal rhinosinusitis,
imaging was available for a retrospective analysis in 34
cases. This reviewis based upon the results of this analysis,
together with a review of the relevant literature.
Plain X-rays
Although plain X-rays may show opaci￿cation, their lack
of sensitivity and speci￿city in the demonstration of both
the pathology and the anatomy renders them of little
practical use in the diagnosis of this condition.
CT
CT should be performed in direct coronal and axial planes
and photographed at both bony and soft tissue windows,
which necessitates the use of a soft tissue algorithm for
TABLE I
fungal rhinosinusitis – classi￿ cation
Non-invasive (n) Invasive (n)
Fungal ball (mycetoma) 10 Acute fulminant 2












CT – direct coronal and axial
bone protocol – window widths ; 2000 HU*
bone protocol – centred – 250/2 200
soft tissue protocol – window widths 300–350 HU*
soft tissue protocol – centred 1 30
add contrast enhancement or proceed to MRI when
intracranial or intraorbital extension suspected
MRI – 3 planar (axial, coronal, sagittal)
T1 2 /1 gadolinium sequences
T2 sequences
*depending on scanner.
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76image acquisition, rather than the bony algorithm used for
routine sinus imaging (Table II). This will optimally show
the extent of the disease, together with the characteristic
high density which is frequently caused by the fungal
material in the central part of the sinus. Dystrophic
calci￿cation has been reported within the fungal mass, but
other relatively high atomic number elements, such as
manganese, calcium and iron, are also known to be
present,
1,2 which may all contribute to the typical high
density.
Fungal ball With a fungal ball a single sinus is affected,
either the maxillary sinus or occasionally the concha
bullosa, isolated ethmoidal cell or sphenoid sinuses
(Figures 1a, 2). Of our 10 cases, six occurred in the
maxilla, two in the posterior ethmoids and two in the
sphenoid. Sinus opaci￿cation may be partial (7/10) or
complete (3/10). In the latter situation there may be
associated expansion of the sinus, and although there may
be thinning of the adjacent bone there may also be
sclerosis, possibly owing to the secondary bacterial
infection that can occur.
3 High density within the sinus
was present in eight of the 10 cases.
Allergic In allergic fungal sinusitis the opaci￿cationmay
be unilateral (2/18) or bilateral(16/18), though sometimes
with a predominant side. In the majority of cases (83 per
cent) there is mixed density, produced by the polypoid
material combined with the fungal secretion (Figure 3a).
There is often expansion of the sinuses, which can be
considerable, encroaching upon the orbits or intracranial
cavity
4 (Figures 3a, 4). Anterior bowing of the maxillary
wall (Figure 5a) and deviation of the septum is also seen
when the disease primarily affects one side. Bone erosion
was present in 72 per cent of our cases and has been
estimated to be present in up to 80 per cent of cases.
5 No
one sinus is more frequently affected than the other but,
using a sinus staging system,
6 the score ranged from 4 to
24, with a mean of 17.5.
Chronic invasive The distinction between non-invasive
allergic fungal sinusitis and chronic invasive infection can
be very dif￿cult to make radiologically,as similar imaging
features may be seen in both. However, as the invasive
process proceeds there is usually greater extension into
surrounding structures, such as the orbit or anterior and
middle cranialfossae,and in particularthe cavernous sinus
(Figure 6). In addition there may be adjacent dural
in￿ammation. Thus the mixed high-density signal and
bone erosion are a feature of both conditions, but were
present in our three cases of chronic invasive infection.
Sinus scores ranged from 17 to 24, with a mean of 21.
Acute fulminant invasive In acute fulminant fungal
infections the process is extremely rapid and associated




(a) Coronal CT and (b) MRI (T1-weighted sequence) showing fungal ball filling the sphenoid sinus.
Fig. 2
Axial CT scan showing typical appearances of fungal ball in
maxillary sinus.
radiology in focus 77(Figure.7). But for the time course, the appearances are
more in keeping with a malignantneoplasm, and the usual
mixed high density of fungal material is not present.
Sclerosing invasive In the rare form of invasive scleros-
ing infection a ￿brotic midline space-occupying mass is
seen, usually involving both orbits, again with extension
intothe intracranialcavity(Figure 8). As the process is one
of ￿brosis, fungal hyphae are few in number and the
characteristichigh density is again absent.
Magnetic resonance imaging
Three-plane T1-weighted imaging with and without
enhancement using an intravenous paramagnetic agent
(gadolinium chelate) and a single axial T2-weighted
sequence offer the most information concerning intracra-
nial extension of disease, but MRI should not be regarded
as the primary imaging modality in fungal infection. The
relaxation times of tissue are related to the percentage of
free water, the amount of proteinaceous secretion and the
presence of paramagneticor ferromagneticmaterial.
7 Thus
fungal sinusitis may result in either low, intermediate or
high signal on T1 or T2-weightedimages,depending on the
proportion of various chemical constituents. Fungal
material may be very low in signal intensity on T1-
weighted sequences (Figures 1b, 3b, 5b) and can produce
a signal void on T2-weighted sequences.
2 This may give
rise to an apparently ‘empty’ sinus with a rim of
in￿ammatory mucosa. This mucosa often has an irregular
appearance or ‘fuzzy edge’, characteristic of fungal
infection. As a consequence it is always advisable to
perform CT before proceeding to MRI, which will give
further information on intracranial and intraorbital exten-
sion. The situation may be further clari￿ed by the
subtraction of T1-weighted images done with and without
gadolinium,
8 though this will also highlight any adjacent
dural in￿ammation which may be seen in the chronic
invasive form of the disease, as well as normal mucosal
enhancement.Indeed, thickened mucosa usually enhances




(a) Axial CT and (b) axial MRI (T1-weighted sequence with
gadolinium DPTA) showing fungal material expanding the
ethmoidal sinuses bilaterally in allergic fungal disease.
Fig. 4
Coronal CT scan showing extensive expansion of the frontal
sinus together with involvement of all other sinuses in allergic
fungal disease.
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This appearance must be distinguished from the dense
areas occasionally seen within inverted papilloma, and




(a) Axial CT and (b) axial MRT (T1-weighted sequence with
gadoliniumDPTA) showing erosion of the anterior wall of the
maxillary sinus in allergic fungal disease.
Fig. 6
Axial CT scan showing extensive unilateral orbital, ethmoid
and sphenoid sinus involvement in chronic invasive fungal
rhinosinusitis (with thanks to A.D. Cheesmen).
Fig. 7
Axial MRI (T1-weighted sequence with gadolinium DPTA)
showing invasion of the orbital apex, cavernous sinus and
middle cranial fossa despite previous radical surgery in acute
fulminant fungal infection.
radiology in focus 79distribution of disease within the sinuses and by the shape
of the high-density regions. In chondrosarcoma the
calci￿cation within the mass is stippled and multifocal
and the density of the calci￿cation higher than that
generally found in fungal infection. Its distinctionis much
more dif￿cult on MRI.
Conclusions
CT is the most practical primary imaging modality for
suspected fungal disease of the sinuses and is probably
more accurate than MRI in terms of diagnostic speci￿city
and in de￿ning the extent of bone erosion.
A different scanning technique than is used for routine
sinus CT is required to demonstrate the typical soft tissue
density variations of fungi adequately.
MRI should be used to supplement CT to visualize
intracranial or intraorbitaldisease extension more clearly,
if this is suspected clinically or on CT.
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Coronal MRI (proton density image) showing bilateral orbital
involvement in invasive sclerosing fungal infection (with
thanks to A. D. Cheesman).
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